No-addressing modular-assembly Ethernet switch with a G.Link 

Cross-References to Related Applications 

[0001] Not applicable. 

Statement Regarding Federally Sponsored Research or Development 
[0002] Not applicable. 

Technical Field 

[0003] The invention relates to an interface module for a modular-assembly Ethernet switch, 
an Ethernet switch of this type and a method for providing a multiplicity of actuatable Ethernet 
connections on a modular basis. 

[0004] Particularly in automation technology, communication is undergoing a change. The 
need for generally standardized and disclosed protocols is growing to an increasing extent as 
automation progresses and with the associated need for networking a very wide variety of 
technical units. 

[0005] The open industrial standard Ethernet is therefore becoming increasingly widespread 
and allows all-encompassing collaboration between the different networks, with the remote 
control, remote maintenance and/or remote sensor technology as far as the machine tool being 
made possible by TCP/IP, which can be transported using said Ethernet. 

Relevant Prior Art 

[0006] A fundamental component of such Ethernet-based networks is formed by switchable 
active distributors, generally and subsequently called switches, which significantly reduce the 
probability of collisions between data packets which are to be transmitted by segmenting the 
networks. At the chip level, fully integrated switches having a multiplicity of connections, 
"multiport switches", are available today. 
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[0007] These Ethernet switches thus conventionally have a prescribed number of Ethernet 
interfaces connected to a switching control unit and thus have substantially stipulated physical 
sizes for implementing particular defined functions. When it is necessary to extend the 
interfaces, a further cost-intensive and space-absorbing full Ethernet switch is therefore 
necessary, even if it is not used to the full extent. 

[0008] In addition, Ethernet switches are known in which a cross-coupling device, a 
"crossbar", is used to connect a defined number of switching control units having a respective 
prescribed number of Ethernet interfaces to one another separately by means of a multipole bus 
line, the "G.Link". In this context, however, corresponding addressing is required between the 
crossbar and the respective switching control unit in order to ensure desired actuation of the 
interfaces. 

Summary of the Invention 
[0009] It is an object of the invention to demonstrate a novel and substantially improved way 
of substantially precluding the above problems and drawbacks of the prior art and of providing 
an application-specific Ethernet switch, in particular. 

[0010] The invention achieves the object by means of an interface device having the 
following features: An interface module comprising: a first number of a series of ports and a 
second number of a series of ports, where the first port in the series of the first number of ports is 
connected by means of at least one data line to a switching control unit connected to an interface, 
and where the subsequent input ports in the series of the first number of ports are connected in 
order by means of at least one respective data line to the ports in the series of the second number 
of ports, starting with the first in the series of the second number of ports. 
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[0011] The invention also provides an Ethernet switch with the following features: a header 
device with a crossbar device and a number of downstream interface modules, particularly a 
number of downstream interface modules, having a first number of a series of ports and a second 
number of a series of ports, respectively, such that in each case the same one in the series of the 
first number of ports is connected to a switching control unit coupled to an interface device, and 
the further ports in the series of the first number of ports are connected to a port in the second 
number of the series of ports by means of respective data lines routed in cascade form. 
[0012] A method according to the invention provides a multiplicity of switchable Ethernet 
terminals, where a crossbar device is connected to a multiplicity of separate multipole data lines 
having switching control units, which can be lined up in modular fashion and are associated with 
respective Ethernet terminals, by means of a respective predefined data line. 
[0013] The invention thus provides an interface module having a first number of a series of 
ports and a second number of a series of ports, where the first port in the series of the first 
number of ports is connected by means of a data line to a switching control unit which is coupled 
to an interface device, and where the subsequent ports in the first number of the series of ports 
are respectively connected in order by means of a data line to the ports in the second number of 
the series of ports, starting with the first port in the series of the second number of ports. 
[0014] Such an interface module can be used in a surprisingly simple manner to assemble a 
switch having a header device, which comprises a crossbar device, and a number of downstream 
interface modules having a first number of a series of ports and a second number of a series of 
ports, respectively, such that in each case the same one in the series of the first number of ports is 
connected to a switching control unit which is coupled to an interface device, particularly an 

interface device comprising Ethernet interfaces, and the further ports in the first series of the first 
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number of ports are respectively connected to a port in the second number of the series of ports 
by means of respective data lines, particularly in cascade form. 

[001 5] On account of the thus assured modular provision of a multiplicity of switchable 
Ethernet terminals, in which a crossbar device having a multiplicity of separate multipole data 
lines is connected to switching control units, which can be lined up in modular fashion and are 
associated with respective Ethernet terminals, by means of a respective predefined data line, with 
each switching control unit preferably being produced as part of an interface module such that 
information which is to be transmitted to a downstream interface module is routed in cascade 
form by the respective upstream interface module, specific addressing of the respective interface 
modules is thus no longer necessary, particularly because all the interface modules are of the 
same design and the respective addressing is defined appropriately by the interconnection of the 
individual interface modules. 

[0016] Furthermore, an application-specific physical size is ensured on account of the 
modular design, which satisfies the need for efficient, space-saving and nevertheless cost- 
effective solutions, particularly in the industrial sector, for the first time. 
[0017] A further feature is, if the preferably Ethernet-compatible interfaces, particularly 
based on the same design of the interface modules, are not defined in advance and hence, a 
further application specific highly flexible, additional modular variety of use is being enabled. 
Only by the connection of a respective interface with a specifying interface utilization module 
the determination of the interface is taken place with regard to a device intended and/or 
necessary for the further use and/or processing of the signals being provided at the interface. 
Therefore such interface utilization modules particularly comprise passive modules, for example 

for providing a conventional RJ-45 jack, active modules, configured for example as a 
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transmission medium converter for connecting an optical beam wave guide and/or for a radio 
transmission, and modules configured as a (buffer) memory. 

[0018] In this context, in one embodiment, the bus lines are respectively in the form of 
separate and multipole bus lines, "G.links", so that transmission of large volumes of data within 
an interface module is also ensured. Expediently, the crossbar device also comprises a 
multiplicity of such bus lines, which can be connected in the form of a star to respective 
switching control units. 

[0019] In a practical development, the header device also comprises an additional interface 
device which is connected to the crossbar device by means of a bus line directly, preferably via a 
switching control unit in the header device. 

[0020] In addition, in one practical development, the crossbar device comprises a PCI 
(Programmable Communication Interface) interface for connecting, in particular, a control unit 
for management functions, such as a CPU. As a result of the data being passed in cascade form 
through a respective interface module between respective input and output ports, with the ports 
preferably being designed such that they are suitable both as an input port and an output port, the 
inventive Ethernet switch can be assembled and/or extended in modular fashion on an 
application-specific basis. The high-speed bus lines, particularly from the crossbar device, are 
also arranged serially for simple attribution in one preferred development. 

Brief Description of the Drawings 
[0021] The invention is described in more detail below using an embodiment of an Ethernet 
switch in accordance with the invention with reference to the appended drawing, in which: 
[0022] Figure 1 shows a schematic block diagram of an inventive no-addressing modular- 
assembly Ethernet switch with a G.Link, and 
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[0023] Figures 2, 3 and 4 show schematic block diagrams of exemplar determinations of an 
Ethernet port by means of different interface utilization modules. 

Detailed Description of the Invention 
[0024] The text below refers to figure 1, in particular, which schematically shows an 
Ethernet switch in accordance with the invention. 

[0025] The Ethernet switch shown comprises a header station 1 and four interface modules 
2a, 2b, 2c and 2d. Each of these interface modules 2a, 2b, 2c and 2d comprises a switching 
control unit 3a, 3b, 3c and 3d, which are each comprehensibly designed with a prescribed 
number of Ethernet-compatible interfaces 4a, 4b, 4c and 4d, in the present case with eight 
Ethernet ports respectively. In figure 1, at the interface device 4a one of the eight Ethernet ports 
is marked with the reference sign 44a. 

[0026] Each of these ports includes data signals provided according to description below, 
whereby power supply and control signals are additionally provided. A determination of the 
individual Ethernet ports with regard to the further use and/or processing of the signals occurs 
only by the connection of a respective application specific based interface utilization module of a 
plurality of different interface utilization modules. Such port specifying modules particularly 
comprise passive modules, for example for providing a conventional RJ-45 jack, active modules, 
for example as a transmission medium converter for connecting an optical beam wave guide 
and/or modules constructed as (buffer) memory. 

[0027] Figures 2 to 4 show with regard to an multifunction port 44 of the interface device 4a 
of the figure 1 three different application specific determinations of Ethernet ports 44a by means 
of specific interface utilization modules being labeled as interface module 20 in figure 2 to 4, 
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with the multifunction port 44 containing at least one Ethernet port 44a, according to the present 
example two Ethernet ports 44a, control signals and a power supply. 
[0028] The multifunction port 44 includes with regard to the underlying example four 
integrated multi-core connection terminals A, B, C and D. At the terminals A and B The data 
signals provided according to the description below are at the terminals A and B, the power 
supply is at C and via D an additional logic interface is provided by a management device 8 (fig. 
1). Consequently, in figure 2 the interface utilization module connected with the multifunction 
port 44 is providing via the terminals A and B two conventional RJ-45 jacks. Likewise, in figure 
3 the interface utilization module connected with the multifunction port 44 is providing via the 
terminals A and B two conventional RJ-45 jacks but is further comprising a memory coupled 
with the terminals C and D. The interface utilization module connected in figure 4 with the 
multifunction port 44 is providing via the terminal A an RJ-45 jack and is further comprising a 
transmission medium converter coupled with the terminals B and C, so that in addition to the RJ- 
45 jack a beam wave guide compatible jack (LWL jack) is provided for coupling a beam wave 
guide. 

[0029] Again with reference to figure 1, in particular, each interface module 2a, 2b, 2c and 
2d is produced with a number of ports 5a, 5b, 5c and 5d, serving as input ports, and a number of 
ports 6a, 6b, 6c and 6d, serving as output ports. The switching control unit 3a, 3b, 3c and 3d for 
a respective interface module 2a, 2b, 2c and 2d is connected by means of a data routing 
connection to the same respective port in a number of input ports 5a, 5b, 5c and 5d on the 
interface module in question. 
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[0030] In the present case, each switching control unit 3a, 3b, 3c or 3d is connected to the 
respective first input port 51a, 51b, 51c or 5 Id by means of a respective separate multipole bus 
line. 

[0031] The respective subsequent ports 52, 53 and 54 in the number of input ports 5a, 5b, 5c 
and 5d are connected to the number of output ports 6a, 6b, 6c and 6d of the respective interface 
module 2a, 2b, 2c and 2d via a prescribed cascade arrangement. 

[0032] In the present case, the respective input port 52 arranged at the second position is 
connected to the first output port 61, the third input port 53 is connected to the second output 
port 62, and the fourth input port 54 is connected to the third output port 63. 
[0033] The header station 1 also comprises a cross-coupling device or crossbar 7, which 
comprises, by way of example, a PCI interface for a management device 8, such as a CPU, 
which can be connected thereby. The crossbar 7 also has a multiplicity of multipole internal bus 
lines which are serially connected to at least one output port rail 9 on the header station 1 . 
Conventionally, the crossbar devices 7 in today's prior art provide between four and twelve 
internal high-speed bus lines or "G.Links". In this context, the input ports 5a, 5b, 5c and 5d on 
the interface modules 2a, 2b, 2c and 2d are handily matched in appropriate complementary 
fashion to the output port rail 9 on the header station. 

[0034] The header station 1 also comprises at least one further dedicated switching control 
unit 10 which is connected to an interface device 11, chosen appropriately beforehand, in the 
present case again an interface device comprising eight Ethernet ports, the specification of which 
are preferably performed in turn only by the connection of an individual interface utilization 
module. 
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[0035] The crossbar 7 is the superordinate component which is connected to each switching 
control unit 3a, 3b, 3c and 3d, in each case by means of one of the separate multipole internal bus 
lines. The input side of the crossbar is conventionally connected to a network component (not 
shown), such as an upstream cross-coupling device. All the multipole buses or G.Link 
connections going on from the crossbar 7, which thus provide a more-or-less star-shaped 
connection for further switching and/or control units and the crossbar 7, are routed by the first 
interface module 2a in cascade form, with the exception of the bus arranged at the top in figure 1, 
which is connected to the input port 51a. This bus is routed directly to the switching control unit 
3a provided in the interface module 2a. The rest of the buses implemented are arranged on the 
output port rail 6a such that the second bus on the input side becomes the first bus on the output 
side, the third bus on the input side becomes the second bus on the output side, etc. 
[0036] The further module 2b connected to the interface module 2a is in turn connected to 
the switching control unit 3a by means of its top bus connected to the input port 5 lb. 
[0037] In other words, the bus arranged in the interface module 2a at the second position on 
the input side and at the first position on the output side is routed directly to the switching control 
unit 3b in the interface module 2b. 

[0038] The other buses are in turn implemented in the interface module 2b in cascade form. 
Since the design of the individual modules 2a, 2b, 2c, 2d is essentially identical, it corresponds in 
the manner described above with reference to the interface module 2a. 
[0039] A result of this is particularly that the first switching control unit 3 a in the first 
interface module 2a is connected to the crossbar 7 by means of the first G.Link connection Bl, 
the second switching control unit 3b in the second interface module 2b and the third and fourth 

switching control units 3c, 3d in the respective subsequent interface modules 2c, 2d are 
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connected to the second bus B2 from the crossbar 7 and to the respective correspondingly 
subsequent third and fourth buses B3 and B4 from the crossbar 7. 

[0040] Additional addressing of the individual interface modules themselves is thus no 
longer necessary, particularly because this addressing is defined as appropriate by the 
interconnection of the individual interface modules 2a, 2b, 2c, 2d. All of the interface modules 
are of the same design and can thus be used handily for input/output stations, particularly in 
control engineering in the industrial sector, in a space-saving and cost-effective manner. 
[0041] In this context, the maximum limitation of the inventive Ethernet switch is given via 
the cross-coupling device 7 on the basis of the provided number of G.Link connections, it being 
necessary to adjust the number of input and output ports 5a-5d and 6a-6d as appropriate for 
routing a larger number of bus lines as compared with the number of four bus lines which is 
shown in figure 1 . 
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